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.H\ZRUGV%DWWHU\0RGHOV6WDWHRI&KDUJH&LUFXLW0RGHO1RQOLQHDU'\QDPLFV62&HVWLPDWLRQUREXVWREVHUYHU6OLGLQJ0RGHV
)LQLWHWLPHHVWLPDWLRQ
,QWURGXFWLRQ
7KH VWRUDJH RI HOHFWULFDO HQHUJ\ LV D PDMRU FKDOOHQJH DQG FXUUHQWO\ RQO\ FDSDFLWRUV DQG VHFRQGDU\
EDWWHULHVDUHDEOHWRKDYHDUHVHUYHRIHQHUJ\LQGHSHQGHQW7KHUHDUHVHYHUDOW\SHVRIEDWWHULHVDQGVHYHUDO
HOHFWULFDODQGFKHPLFDOIDFWRUVFDQDIIHFWHGWKHLUSHUIRUPDQFH2QWKHRWKHUKDQGWKHVHEDWWHULHVSOD\DQ
LPSRUWDQW UROH LQ WKH LQGXVWU\ ERWK LQ WKH QHZ JHQHUDWLRQ RI HOHFWULF DQG K\EULG FDUV RU FRQVXPHU
HOHFWURQLFVVHUYLFH>@>@

7RXQGHUVWDQGWKHEHKDYLRURIWKHEDWWHU\LWLVQHFHVVDU\WREXLOGDPRGHODEOHWRSUHGLFWDQGVLPXODWH
LWVRSHUDWLRQ,QPRVWV\VWHPVLQYROYLQJDQHQHUJ\VWRUDJHV\VWHPLVDV\VWHPRIPDQDJHPHQWRIHQHUJ\
DVVRFLDWHGZLWKWKLVVWRUDJHEDWWHU\DQGWRHQVXUHWKHHIILFLHQWXVHRIWKHHQHUJ\VXSSOLHGE\WKHEDWWHU\
2QHRI WKHSDUDPHWHUVRU IDFWRUV WKDWPDQDJHPHQWV\VWHPLV WKHVWDWHRIEDWWHU\FKDUJH62&6WDWH2I
&KDUJH>@
7KHDYDLODEOHSRZHULVGLUHFWO\REWDLQHGIURPWKHVWDWHRIFKDUJH62&RIEDWWHU\7KHQDQDFFXUDWH
HVWLPDWLRQ RI WKH 62& YDOXH LV YHU\ LPSRUWDQW IRU SHUIRUPDQFH DQG VDIH RSHUDWLRQ RI WKH EDWWHU\ LQ
V\VWHPVOLNHYHKLFOHDSSOLFDWLRQV
0DQ\ PHWKRGV IRU HVWLPDWLQJ WKH VWDWH RI FKDUJH RI WKH EDWWHU\ KDYH EHHQ SURSRVHG RQH RI WKH
SURSRVHGPHWKRGVLQHDUO\LVEDVHGRQDPHDVXUHPHQWRIYROWDJHWKHQDVHWRIWHFKQLTXHVKDYHEHHQ
SURSRVHGVLQFHWKHQ7KHUHDUHWKUHHPDLQIDPLOLHV
x 'LUHFWPHWKRGV7KHVHPHWKRGVDUHEDVHGRQYDULDEOHVPHDVXUHPHQWVVXFKYROWDJHLPSHGDQF
DQGUHOD[DWLRQWLPHWKHVHYDULDEOHVDUHXVHGDVDQLQGH[RI62&GHSHQGHQWIXQFWLRQV>@
x 7KHPHWKRGVE\LQWHJUDWLQJWKHFXUUHQW7KLVLVWKHPRVWFRPPRQPHWKRGIRUFDOFXODWLQJWKH
FKDUJHEHFDXVHWKHFKDUJHDQGGLVFKDUJHLVGLUHFWO\UHODWHGWRWKHFXUUHQWVXSSOLHGRUUHPRYHG
IURPWKHEDWWHU\
x 7KHDGDSWLYHPHWKRGV WKHDERYHPHWKRGVDUHEDVHGRQ WKHXVHRIH[SHULPHQWVYDOXHV WKH\
EHFRPHXQXVDEOHZKHQ WKH WHUPVRIXVHVFDQ ODUJHUDQJHV6RDGDSWLYHPHWKRGVKDYHEHHQ
LPSOHPHQWHGWKURXJKREVHUYHUVDQGDUWLILFLDOLQWHOOLJHQFH>@

6HYHUDOPHWKRGVKDYHEHHQSURSRVHGIRUWKH62&HVWLPDWLRQOLNH(.)REVHUYHUVEDVHGRQVLPSOLILHG
PRGHOV RU EODFNER[ PHWKRGV OLNH IX]]\ORJLF RU DUWLILFLDO QHXUDO QHWZRUNV >   @ 7KHLU ODUJH
FRPSXWDWLRQRYHUORDGFDQEHDSUREOHPIRURQOLQHLPSOHPHQWDWLRQ,Q>@DQDSSUR[LPDWLRQRIWKHPRGHO
LVHPSOR\HGDQGWKH([WHQGHG.DOPDQ)LOWHULVXVHGIRUWKH62&HVWLPDWLRQ7KHPRGHOLVVLPSOLILHGLQ
RUGHU WR PDNH IHDVLEOH WKH FRQFHQWUDWLRQ HVWLPDWLRQ EDVHG RQ D VLPSOLILHG DQG DYHUDJHG PRGHO 7KH
HVWLPDWLRQ UHVXOWV DUH FRPSDUHG ZLWK SUHGLFWLRQ EDVHG RQ IXOO PLFURPDFURVFRSLF PRGHO 7KH PRVW
FRPPRQ XVH .DOPDQ ILOWHU IRU FRXORPE FRXQWLQJ QDPHO\ FXUUHQW LQWHJUDWLRQ PHDVXUHV WKH DPRXQW RI
FKDUJHWDNHQRXWRUSXWLQWRDEDWWHU\LQWHUPVRIDPSHUHKRXUV>@7KLVPHWKRGSURYLGHVD
UHFXUVLYHREVHUYDWLRQDQGSUHGLFWLRQ,WLVQRWH[SHQVLYHDQGUHDVRQDEO\DFFXUDWH7KHSHUIRUPDQFHRIWKH
(.)LVOLPLWHGGXHWRWKHUHTXLUHGFRQGLWLRQVVWDWLRQDU\DQGEURDGEDQGQRLVHDQGWKXVFDQQRWEHXVHGLQ
WKHUHDODSSOLFDWLRQV>@$/XHQEHUJHUREVHUYHUDQGDGDSWLYHREVHUYHULVXVHGLQ>@IRUWKHEDWWHU\
62&HVWLPDWLRQ,Q>@VOLGLQJPRGHEDVHGREVHUYHUVRIWKHEDWWHU\62&HVWLPDWLRQDUHSURSRVHG
7KHVOLGLQJPRGHUREXVWQHVVRIREVHUYHULVDJRRGGHDOWRRYHUFRPHFRPSXWDWLRQGUDZEDFNVDQGPRGHO
XQFHUWDLQWLHV ,Q >@ WKH 5DQGOHV PRGHO LV PDSSHG WR DQ DOWHUQDWLYH HTXLYDOHQW FLUFXLW  6XEVSDFH
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SDUDPHWHUHVWLPDWLRQ DOJRULWKPV DUH WKHQ DSSOLHG LQ FRPELQDWLRQ ZLWK 8WNLQ REVHUYHU DQG .DOPDQ
(VWLPDWRU .( 7KH PRGHO LV FODLPHG WR EH PRUH DSSURSULDWH WKDQ WKH 5DQGOHV FLUFXLW IRU RQOLQH
HVWLPDWLRQDQGDGDSWLYHLGHQWLILFDWLRQRIWKHPRGHODVVRFLDWHGZLWK62&DQG62+
,QWKLVSDSHUZHSURSRVHDUHGXFHGFRPSOH[LW\DQGUREXVWVOLGLQJPRGHREVHUYHUIRURQOLQHEDWWHU\
62&HVWLPDWLRQ7KHIRFXVLVILUVWWRJHWDFFXUDWHG\QDPLFPRGHORIEDWWHU\RSHUDWLQJXQGHUKLJKVWUHVV
FXUUHQW WUDQVLHQWV DQG FKDUJHGLVFKDUJH VWDWHV :H FRQVLGHU RQO\ VLPSOH HOHFWULFDO PRGHOV EDVHG RQ
7KHYHQLQ HTXLYDOHQW FLUFXLWV 6HFWLRQ UHYLHZV VRPHRI WKH OLWHUDWXUHPRGHOV FODLPHG WREH HIILFLHQW
WKDW ZH KDYH FRQVLGHUHG DQG GHYHORS WKHLU VWDWH VSDFH IRUPXODWLRQ $ UREXVW REVHUYHU LV GHYHORSHG LQ
VHFWLRQ  DQG VHFWLRQ  SUHVHQWV VRPH VLPXODWLRQV UHVXOWV WR HPSKDVL]H WKH REVHUYHU SHUIRUPDQFH:H
WKHQFRQFOXGHWKDWUHVXOWLQJG\QDPLFREVHUYHUDQGSDUDPHWHUHVWLPDWHVPD\EHXVHIXO IRUGLDJQRVLVDQG
EDWWHU\HQGRIOLIHGHWHUPLQDWLRQ
9DULRXV'\QDPLF0RGHOVIRU%DWWHULHV
9DULRXV G\QDPLF PRGHOV ZLWK YDU\LQJ GHJUHHV RI FRPSOH[LW\ IRU VSHFLILF SXUSRVHV RI WKH EDWWHU\
KDYH EHHQ SURSRVHG LQ OLWHUDWXUH DQG DUH DYDLODEOH IRU EDWWHU\ GHVFULSWLRQ DQG 62& HYDOXDWLRQ >@
6HYHUDONLQGRIGHVFULSWLRQPRGHOVH[LVW
x (OHFWURFKHPLFDOPRGHOV
x (PSLULFDOPRGHOV
x .LQHWLFPRGHOVIRUOLIHWLPHSUHGLFWLRQDQG
x (OHFWULFDOHTXLYDOHQWPRGHOV
(OHFWURFKHPLFDOPRGHOV >    @ DUH FRPSOH[ WLPH FRQVXPLQJ DQG LQYROYH WLPHYDULDQW
VSDWLDO SDUWLDO GLIIHUHQWLDO HTXDWLRQV >@ 7KH\ FKDUDFWHUL]H WKH IXQGDPHQWDO PHFKDQLVPV RI SRZHU
JHQHUDWLRQ WR RSWLPL]H WKH SK\VLFDO SDUDPHWHUV HJ FRQFHQWUDWLRQ GLVWULEXWLRQ HOHFWURFKHPLFDO
LQIRUPDWLRQV
6RPHHPSLULFDOPRGHOV >   @ DUH DOVRXVHG WRSUHGLFW WKHEDWWHU\EHKDYLRU HIILFLHQF\ RU
FDSDFLW\ ,QJHQHUDO WKH\FDQQRWRIIHUG\QDPLFVGHVFULSWLRQ IRUFLUFXLW VLPXODWLRQDQGRSWLPL]DWLRQDQG
RIWHQRQO\ZRUNIRUVSHFLILFDSSOLFDWLRQV
7KH.LQHWLF%DWWHU\0RGHOOLIHWLPHSUHGLFWLRQ>@HPSOR\VDGDPDJHPRGHODQDORJRXVWRWKDWXVHGWR
DVVHVVPDWHULDOIDWLJXH7KH\XVHF\FOHVWRIDLOXUHYVGHSWKRIGLVFKDUJHFXUYHWRJHWKHUZLWKDUDLQIORZ
F\FOHFRXQWLQJDOJRULWKPWRFDOFXODWHGDPDJHIURPWLPHVHULHVVWDWHRIFKDUJHYDOXHV7KHGDPDJHLVWKHQ
XVHG WR SUHGLFW OLIHWLPH 7KHPRGLILHG OLIHWLPHPRGHO FRQVLGHUV PHDQ YDOXH RI HDFK F\FOH DQG 
F\FOHGLVFKDUJHUDWHV
$ PDFURVFRSLF EDWWHU\ PRGHO FDQ EH IRXQG LQ >@ DQG >@ ,W XVHV PLFURVFRSLF GHVFULSWLRQ RI
LQWHUIDFLDO SKHQRPHQD DQG WKH SRURXV HOHFWURGH WKHRU\ 7KHVH PRGHOV SUHGLFW WKH VROLG FRQFHQWUDWLRQ
SURILOHGXULQJFKDUJHDQGGLVFKDUJH8QIRUWXQDWHO\VROLGFRQFHQWUDWLRQHVWLPDWLRQDORQJWKHHOHFWURGHVLV
GLIILFXOW WR UHDOL]H LQ UHDOWLPH IRU RQERDUG HVWLPDWRU GXH WR WKH PRGHO FRPSOH[LW\ 6HYHUDO
DSSUR[LPDWLRQDUHLQWURGXFHGWRUHGXFHWKHV\VWHPRUGHUDQGFRPSOH[LW\>@>@
7KH PRVW LQWHUHVWLQJ IRU RXU SXUSRVH DUH WKH HOHFWULFDO PRGHOV 7R KDQGOH G\QDPLFV DQG RQ OLQH
EHKDYLRUHOHFWULFDOPRGHOVDUHPRUHDGHTXDWHDQGXVHIXO>@7KH\FRQVLGHUWKHEDWWHU\EHKDYLRUDV
DQHTXLYDOHQWHOHFWULFDOFLUFXLWYROWDJHVRXUFHVUHVLVWRUVDQGFDSDFLWRUV7KHLUDFFXUDF\LVEHWZHHQWKH
RQHRIHOHFWURFKHPLFDODQGPDWKHPDWLFDOPRGHOVRQH7KH\EHORQJWRWKUHHFDWHJRULHV>@VHHILJXUH
7KHYHQLQHTXLYDOHQWPRGHOV>@
(TXLYDOHQWLPSHGDQFH>@DQG
(TXLYDOHQWFLUFXLWVEDVHGPRGHOV>@
)LJXUHDWRIVKRZVDOOHTXLYDOHQWVFLUFXLWVHDFKFLFXLWLVGHVFLEHGE\VWDWHYDULDEOHV\VWHPIRU

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$GDSWLYH6OLGLQJ0RGH2EVHUYHU)RU6RF(VWLPDWLRQ
3UHOLPLQDULHV
7KHVOLGLQJPRGHFRQWURO60&LVDQDWWUDFWLYHDSSURDFKIRUUREXVWQHVV>@7KHSULPDU\FKDUDFWHUHVWLF
RI60&LVWKDWWKHIHHGEDFNVLJQDOLVGLVFRQWLQXRXVVZLWFKLQJRQRQHRUVHYHUDOPDQLIROGVLQWKHVWDWH
VSDFH,WDOORZVWRGHVLJQILQLWHWLPHFRQYHUJHQWFRQWUROOHURUREVHUYHU7KLVDSSURDFKLVUREXVWYHUVXVWKH
PRGHO DQG WKH SDUDPHWHUV XQFHUWDLQWLHV IRU VWDWH HVWLPDWLRQ DQG LV DEOH WR UHMHFW SHUWXUEDWLRQV DQG
XQFHUWDLQWLHVHIIHFWV
7KH6OLGLQJ0RGH2EVHUYHU602&RQVLGHUDVPRRWKG\QDPLFVIXQFWLRQV[5&RQVLGHUDV\VWHPLQ
FORVHG ORRS FRQWDLQLQJ WKLV YDULDEOH ZKHUH WKH FRQWURO WDVN LV WR NHHS WKH RXWSXW V[W    ZLWK
VZLWFKLQJLQSXW7KHVOLGLQJYDULDEOHRIWKHUWKRUGHUVOLGLQJPRGHLVGHILQHGE\
ܵ ൌ ሶܵ ൌ ሷܵ ሸܵ ൌ ڮ Ǥ ݏሺ௥ିଵሻ ൌ Ͳ 
ZKLFKJLYHVDQUGLPHQVLRQDOFRQGLWLRQRQWKHV\VWHPG\QDPLF>@
(TXLYDOHQWFLUFXLWIRUEDWWHU\PRGHO
,QWKLVSDSHUZHFRQVLGHUDQRQQRPLQDOVWDWHYDULDEOHPRGHORIEDWWHU\XVHGE\>@ILJXUH
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)LJ(TXLYDOHQWFLUFXLWIRUEDWWHU\
)LJ6WDWHRI$UWRQEDWWHULHVHOHFWULFDOHTXLYDOHQWPRGHO
D,GHDO6RXUFH0RGHOE5HVLVWLYH7KHYHQLQ(TXLYDOHQWPRGHOF7KHYHQLQ%DWWHU\PRGHOG
/LQHDU&LUFXLWHTXLYDOHQWG\QDPLFVH0RGLILHG7KHYHQLQ%DWWHU\PRGHOI,PSHGDQFHEDVHGPRGHO
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7KHFLUFXLWVKDVVWDWHYDULDEOHVVXFKDV9FE9FV9WDQGןൌ ଵ஼௕௨௟௞
7KHFLUFXLWFRQVLVWVRIDEXONFDSDFLWRU&EXONWRFKDUDFWHUL]HWKHDELOLW\RIWKHEDWWHU\WRVWRUHFKDUJHD
FDSDFLWRU &V WR PRGHO VXUIDFH FDSDFLWDQFH DQG GLIIXVLRQ HIIHFWV ZLWKLQ WKH FHOO &VXUIDFH D WHUPLQDO
UHVLVWDQFH5WVXUIDFHUHVLVWDQFH5VDQGWKHHQGUHVLVWDQFH5H7KH
YROWDJHDFURVVWKHEXONDQGVXUIDFHFDSDFLWRUVDUHGHQRWHG9FEDQG9FVUHVSHFWLYHO\
7KHUHVLVWDQFHVDUHFKRVHQIRUVLPSOLFLW\VXFKDV5V 5HZLWKRXWDQ\SK\VLFDO MXVWLILFDWLRQ QRWHWKDW LW
VHHPVWRXVDEDGFKRLFHUHJDUGWRV\VWHPREVHUYDELOLW\
8QGHUWKLVDVVXPSWLRQWKHFLUFXLWLVJRYHUQHGE\WKHV\VWHP
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